METHOD OF MANUFACTURING AN ELECTRONIC DEVICE 
AND A SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method of manufacturing 
an electronic device having fine patterns , more particularly 
to a method of manufacturing a semiconductor integrated circuit 
device having a plurality of fine circuit patterns. 
Prior Art 

In the manufacture of semiconductor integrated circuit 
devices, repetitive use is made of an epitaxial process such 
as a chemical vapor deposition (CVD) process, a doping process 
such as ion implantation, a lithographic process, and an etching 
process. The operation speed and integration density of 
semiconductor integrated circuit devices can be effectively 
improved by miniaturizing the circuit patterns and enhancing 
the dimensional accuracy, as has increasingly been done in recent 
years. The miniaturization of circuit patterns mainly depends 
on lithography, so lithography plays a vital role in the 
manufacture of semiconductor integrated circuit devices. 

Lithographic technology mainly employs a projection 
aligner that forms device patterns by transferring the pattern 
of a photomask mounted in the projection aligner to the surface 
of a semiconductor wafer. At this time, the exposure area of 



a high-resolution projection aligner is smaller than the area 
of a semiconductor wafer, so the exposure is divided into a 
plurality of shots which are stepped or scanned to repeat the 
exposure of the chip area a plurality of times. The size of 
a chip depends on the product to be made, so a photomask is, 
in general, provided with an outer frame referred to as a shade 
area made of a metal such as chromium (Cr) so that a desired 
shot size can be obtained. In this way, the single chip areas 
exposed by the plurality of shots are prevented from overlapping , 
and a scribe area is provided around the edge of each chip for 
dicing. 

The need for higher integration and faster device operation 
has led to the increasing miniaturization of the patterns formed 
by lithography in recent years. In this context, research and 
development aimed at shortening the wavelength of exposure light 
used for expos ing patterns in an optical aligner are being pursued . 

Furthermore, a halftone phase-shifting exposure method 
is now being used. A halftone phase-shift mask is a translucent 
film (referred to as a halftone film) formed on a transparent 
plate to dim the exposure light and shift its phase. In general, 
a transmittance in the range of 1% to 25% of the exposure light 
is considered desirable. 

Exposure light which passes through a halftone film is 
phase shifted with respect to exposure light which does not pass 
thorough the film. Either a single layer or a multi-layer 
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halftone film can be used to produce the phase difference. 
Although phase differences of 180° and odd multiples thereof 
are needed to obtain the highest resolution , other phase 
differences within a range of 180° ±90° are also effective in 

5 improving resolution. It is known that use of a halftone mask 
can improve the resolution by about 5% to 20%. 

Descriptions of halftone phase-shifting can be found, for 
example, in documents such as JP-A No. H5-181257. 

As described above, a halftone phase-shifting method is 

10 known as an exposure method that can resolve fine-dimensioned 
patterns with high resolution. This exposure method, however, 
has many problems as described below, making it difficult to 
obtain sufficient pattern transferring accuracy. 

The halftone phase-shifting method causes interference 

15 between exposure light which has passed through the halftone 
part and exposure light which has passed through apertures therein , 
in the vicinity of the boundaries of the apertures and the halftone 
part, to enhance the optical contrast, thereby improving the 
resolution and exposure tolerances . For this reason, it is very 

20 critical to control the amount of exposure light passing through 
the halftone part, or the transmittance of the halftone part, 
and the amount of the phase shift. 

In addition, the dimensional accuracy of the halftone film 
pattern has a profound effect on the dimensional accuracy of 

25 the transferred pattern. For a fine pattern near the resolution 
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limit of the projection lens, the optical contrast becomes 
substantially lower due to light diffraction which, together 
with a factor referred to as the mask error enhancement factor 
(MEF) , makes the dimensional accuracy of the transferred pattern 

5 lower than that of the pattern on the mask . The MEF is an indicator 
showing the amplification of the dimensional difference ALm 
of a transferred pattern in relation to the dimensional 
difference ALw of the pattern on a mask, and is given by the 
equation MEF=ALm/(M • ALw) , where M is the reduction factor of 

10 the projection lens. If a 5X lens is used, then M is 1/5. In 
a case with a fine pattern using a halftone phase-shift mask, 
the pattern is generally transferred with an MEF of 2 to 3, so 
that unwanted variations in the dimensions of the pattern on 
the mask are amplified by a factor of 2M to 3M. 

15 In the manufacturing processes of a semiconductor 

integrated circuit device, a step that requires particularly 
high dimensional accuracy in a fine pattern is the patterning 
step for the gate electrodes of transistors. As the dimensions 
of the gate electrodes become smaller, the operation speed of 

20 the transistors becomes higher. High dimensional accuracy of 
the gate electrodes enables stable operation of the circuit and 
thus enables high-speed circuits to work together, consequently 
increasing the added value of a semiconductor integrated circuit 
device. In addition, if fine patterns can be formed with higher 

25 accuracy in the wiring patterning process, interconnection 
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wirings can result in a higher packing density and shorter length, 
which also contribute to high-speed circuit operation and a higher 
integration density. 

However , if the conventional halftone phase-shift exposure 

5 method is adopted for extremely fine gate, wiring, and hole 
patterning processes, there is a problem in that sufficient 
dimensional accuracy cannot be obtained due to the inadequate 
controllability of the phase and transmittance of the halftone 
phase-shift mask and variations of dimensions on the mask, and 

10 consequently the reproducibility and yield of the manufacturing 
process cannot be improved. 

SUMMARY OF THE INVENTION 
It is an object of this invention to provide an improved 
15 method of manufacturing an electronic device having fine 
dimensional patterns. 

It is another object of this invention to provide an improved 
method of manufacturing a semiconductor circuit device having 
fine circuit patterns, so tha[t higher integration levels and 
20 higher-speed operation can be obtained. 

It is a further specific object of this invention to provide 
an improved method of manufacturing a high-speed, highly 
integrated semiconductor integrated circuit device by forming 
fine patterns for gate electrodes , wirings , and holes with better 
25 dimensional accuracy. 
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Typical aspects of the invention disclosed herein will 
be described below. Although the following description focuses 
on a method of manufacturing a semiconductor integrated circuit 
device , the invention is also applicable to methods of 
5 manufacturing other electronic devices having extremely fine 
patterns , such as liguid crystal display devices , micro machines , 
and superconductive devices . In accordance with a first aspect 
of the invention, amaskhaving shade areas made of resist external 
to the halftone phase-shift pattern is used to expose a 
10 photosensitive film provided on the surface of a workpiece such 
as a semiconductor wafer with an oblique illumination system 
to transfer a fine pattern. 

The mask or other workpiece is exposed by stepping or 
scanning the exposure shots, thus repeating the exposure a 
15 plurality of times, in such a way that the resist shade areas 
are transferred in a partially overlapping manner. This makes 
it possible to transfer fine patterns with high accuracy to a 
plurality of adjacent areas on a photosensitive film provided 
on the main surface of the workpiece and thereby form electronic 
20 devices such as semiconductor integrated circuit devices. 

The resist shade area of the first aspect of the invention 
is formed outside the areas in which circuit patterns having 
halftone characteristics are disposed, whereby overlapping 
exposure of those areas during the plurality of exposure shots 
25 can effectively be prevented. 
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In addition, although the halftone phase-shift pattern 
may be constructed by providing projections and depressions on 
a transparent plate surface, in order to form a finer pattern 
with higher accuracy and better reproducibility, it is more 

5 desirable to deposit a halftone film on the surface of the 
transparent plate and pattern the film. A halftone phase-shift 
pattern constructed with a halftone filmcan offer improved mutual 
alignment accuracy of the halftone phase-shift mask and workpiece, 
or wafer, if alignment marks are provided for reference on the 

10 halftone film. 

In accordance with a second aspect of the invention, an 
electronic device such as a semiconductor integrated circuit 
device is fabricated as follows: in forming fine holes with 
dimensions that are not expanded too much two-dimensionally ( that 

15 is, in the x and y directions) in a dielectric film on the main 
surface of the wafer to attach electrode terminals extending 
to the semiconductor area in the wafer , or to form interconnections 
between wiring layers, a first fine pattern transferring process 
is performed, which transfers a fine hole pattern to a plurality 

20 of adjacent areas on a first photosensitive film provided on 
the main surface of the wafer by repeatedly stepping or scanning 
an exposure using a first halftone phase-shift mask with a shade 
area made of chromium or another metal surrounding a halftone 
phase-shift pattern corresponding to the fine hole pattern, or 

25 a so-called binary mask with a pattern corresponding to the fine 
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hole pattern that is formed by a shade film; in forming narrow 
or rectangular fine patterns disposed in close proximity to each 
other , such as gate electrode patterns and wiring patterns , ( that 
is, a plurality of patterns at least having larger longitudinal 
dimensions than the hole pattern mentioned above, in other words , 
a plurality of patterns that extend farther in the x or y direction 
than the hole pattern mentioned above), a second fine pattern 
transferring process is performed, which transfers a fine wiring 
pattern to a plurality of adjacent areas on a second photosensitive 
film provided on the main surface of the wafer by repeating oblique 
illumination exposure shots a plurality of times with a stepper 
or a scanner using a second halftone phase-shift mask with a 
shade area made of resist external to the halftone phase-shift 
pattern formation area corresponding to the fine pattern. 

Furthermore, in the second aspect of the invention, the 
alignment accuracy of the first mask for forming the fine hole 
pattern and the second mask for forming the slim electrode and 
the wiring pattern with respect to the workpiece such as a wafer 
can be improved by forming the alignment marks of the first mask 
in the chromium or other metal shade film and the alignment marks 
of the second mask in the halftone film surrounded by the resist 
shade area. That is, a fine circuit pattern can be formed with 
higher dimensional accuracy and higher alignment accuracy 
thorough lithography by using either a halftone phase-shift mask 
with a shade area made of resist or a metal shade area mask with 
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alignment wafer marks formed by metal, or both, according to 
the type of fine patterns to be formed; that is, gate electrodes, 

wiring, or holes* 

Furthermore, in accordance with a third aspect of the 

5 invention, the mask used in the first aspect of the invention 
described above can be made to have no resist material in the 
fine pattern formation area, so it is possible to form a resist 
band-like shade area with resist material that fluoresces in 
response to incident light and easily inspect resist residue 

10 defects in the fine pattern part by irradiating the area with 
inspection light, thereby improving production yields of 
electronic devices. 

In addition, in accordance with another aspect of the 
invention, it is possible to effectively prevent contamination 

15 of fine pattern masks and electronic devices by performing 
exposure processing by using a mask with a resist shade film 
formed outside the fine pattern formation area and using the 
outer region of a mask plate having no resist film to be mounted 
on the supporter of an aligner and transportation means for 

20 transporting the mask, thereby keeping the resist material from 
coming in contact therewith. 

When adopted in the fine patterning processes for gate 
electrodes, holes, and wiring, the various manufacturing methods 
of the present invention described above can improve 

25 reproducibility and yields in the manufacture of electronic 
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devices such as high-density semiconductor integrated circuit 
devices . 

in order to make the manufacturing process of photomasks 
easier and more accurate, for example, JP-A No. H5-289307 has 
disclosed a method of forming a mask pattern with a resist film. 
This mask is a so-called binary mask comprising exposure light 
transmitting parts and shade parts with sufficiently low 
transmittance, which inherently has no problem of overlapping 

exposure shots . 

An example of the use of resist shade areas in a halftone 
phase-shift mask is found in JP-A No. H9-2 11837, which prevents 
sub-peak transfer when circuit patterns are formed, and forms 
a so-called rim-type halftone mask in which only areas close 
to the pattern edge are half -toned. 

This invention differs in its objects and effects from 
these methods and also differs in the locations at which resist 
films are formed. 

This invention enables fine patterns to be formed with 
higher dimensional accuracy and alignment accuracy, making it 
possible to manufacture electronic devices , such as higher-speed 
and highly integrated semiconductor integrated circuit devices, 
with better reproducibility. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a conceptual drawing showing an overview of an 



exposure method used in the invention. 

FIG. 2A is a plan view plan view showing the construction 
of a photomask used in a method of manufacturing a semiconductor 
integrated circuit device according to the invention; and FIG. 
2B is a sectional view. 

FIG. 3A is a plan view showing the construction of a 
photomaskused in another method of manufacturing a semiconductor 
integrated circuit device according to the invention; and FIG. 
3B and FIG. 3C are sectional views. 

FIG. 4A to FIG. 4F are sectional views of steps for 
describing the method of manufacturing a photomask used in a 
method of manufacturing a semiconductor integrated circuit 
device according to the invention. 

FIG. 5A to FIG. 5H are sectional views of steps for 
describing a method of manufacturing a photomask used in another 
method of manufacturing a semiconductor integrated circuit 
device according to the invention. 

FIG. 6A to FIG. 6D are sectional views of steps for 
describing a method of manufacturing a semiconductor integrated 
circuit device according to the invention. 

FIG. 7A is a plan view for describing the construction 
of another photomask used in a method of manufacturing a 
semiconductor integrated circuit device according to the 
invention; and FIG. 7B is a sectional view. 

FIG . 8 is a conceptual drawing of the main part of an aligner , 
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showing an overview of the aligner used in the method of 
manufacturing a semiconductor integrated circuit device 
according to the invention. 

FIG. 9 is a plan view of part of a semiconductor wafer 
for describing a method of manufacturing a semiconductor 
integrated circuit device according to the invention. 

FIG. 10A to FIG. 10D are partial sectional views of a 
semiconductor wafer at different steps for describing another 
method of manufacturing a semiconductor integrated circuit 
device according to the invention. 

FIG. 11A to FIG. 11B are plan views of pattern parts for 
describing a semiconductor integrated circuit device 
manufactured according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 

Methods of manufacturing an electronic device such as a 
semiconductor integrated circuit device according to the present 
invention will now be described in detail. 

An exposure process for transferring a fine pattern will 
be descried with reference to the schematic sectional view of 
part of an aligner shown in FIG. 1, in which reference numeral 
100 indicates an optically transmissive plate made of quartz 
glass , reference numeral 101 indicates a half tone film, reference 
numeral 102 indicates a shade area made of a resist film, reference 
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numeral 103 indicates a fine circuit pattern to be transferred 
that is formed in the halftone film 101, reference numeral 104 
indicates a reticle alignment mark, reference numeral 110 
indicates obliquely incident exposure light (off axis 
illumination light) from an ArF excimer laser, reference numeral 
111 indicates diffracted light, reference numeral 112 indicates 
a projection lens, reference numeral 113 indicates projected 
light, reference numeral 114 indicates a wafer, and reference 
numeral 115 indicates a photosensitive film (a resist film, 
referred to as a photosensitive film to distinguish it from the 
resist film 102 that forms the shade area) which is applied to 
the main surface of the wafer 114. 

As shown in FIG. 1, so-called sub-peak, a phenomenon in 
which exposure light strength peaks under a halftone film during 
exposure due to interference with light incident on adjacent 
apertures in the halftone film, can be prevented by exposing 
a halftone phase-shift mask having a resist shade area 102 to 
obliquely incident exposure light (that is, to off axis 
illumination) through the optically transmissive plate 100, 
which is placed parallel to and facing the main surface of the 
wafer 114, and the depth of focus can be improved, so the process 
is extremely effective as a method of exposing and transferring 
fine patterns according to the present invention. 

As shown in the drawing, a predetermined area in the 
photosensitive film (resist film) 115 deposited on the main 
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surface of the wafer 114, such as a chip area of a single 
semiconductor integrated circuit, is exposed with ArF excimer 
laser light obliquely incident from the back of the optically 
transmissive plate 100, the back side being the side without 
the fine circuit pattern 103. 

Next, the exposure process (one exposure shot ) is repeated 
consecutively a plurality of times by stepping or scanning the 
mask or the wafer in the x and y directions in such a way that 
the resist shade area is transferred in a partially overlapping 
manner, until the exposure process has covered the entire 
photosensitive film (resist film) 115 on the main surface of 
a large wafer as shown in FIG. 9. FIG. 9 is a schematic plan 
view of a wafer to be exposed, in which reference numeral 31 
indicates the wafer, reference numeral 32 indicates a plurality 
of chip areas, and reference numeral 33 indicates a scribe area 
for dicing and separating the chips. 

With a high-resolution aligner with high accuracy, it is 
effective if, instead of exposing the whole surface of a wafer 
at one time, immediately after the completion of the exposure 
of a small exposure area (e.g. one corresponding to an area 
occupied by a single chip) under preset exposure conditions as 
mentioned above, an area just adjacent to that area is exposed 
under the same conditions, and this process is repeated in the 
x and y directions a plurality of times (that is, the exposure 
is divided into a plurality of shots and repeated). 
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Because the chip size depends on the product to be made, 
the resist shade area 102 , which forms the outer frame of the 
mask pattern, is used to obtain a desired shot size (to define 
the exposure area for one shot) and prevent overlapping exposure 
of the fine pattern formation area surrounded by the resist shade 
area during the plurality of exposure shots. 

Next, a photo-development process is carried out on the 
photosensitive film (resist film) 115 on the main surface of 
the wafer 114 that was exposed as described above to form a pattern 
corresponding to the fine circuit pattern 103 in a dielectric 
film or metal film (for simplicity, this film, which is the film 
being processed, is not shown in the drawing) on the main surface 
of the wafer. 

After that, the photosensitive film (resist film) 115 that 
was photo-developed is used as an etching mask to selectively 
etch the dielectric film or metal film thereunder, forming a 
dielectric film or metal film with a fine pattern corresponding 
to the fine pattern 103 on the main surface of the wafer 114. 

Techniques used in conventional methods of manufacturing 
semiconductor integrated circuit devices are then employed to 
create a plurality of electronic devices having fine patterns 
forming electrodes and wiring in adjacent positions on a single 
wafer as shown in FIG. 9, and the individual electronic devices 
can be obtained as required by dicing them at the scribe area 
33. 
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Next, a concrete example of a mask used in this method 
of manufacturing semiconductor integrated circuit devices will 
be shown in FIG. 2A and FIG. 2B, FIG. 2A being a plan view of 
the mask, and FIG. 2B being a sectional view along the A- A' line 
in FIG. 2A. 

Reference numeral 106 indicates a fine circuit pattern 
formation area that is made of the halftone film 101 ; the circuit 
pattern formation area (that is, the transferred area) 106 is 
surrounded by the shade area 102, which forms an outer band (or 
frame) of resist film. In FIG. 2A and FIG.2B, reference numeral 
103 indicates a narrow or rectangular circuit pattern to be 
transferred, reference numeral 104 indicates a reticle alignment 
mark formed in the halftone film 101 external to the circuit 
pattern formation area 106, reference numeral 105 indicates wafer 
alignment marks in the halftone film 1 01 within the circuit pattern 
formation area 106, and reference numeral 100 indicates an 
optically transmissive plate made of quartz glass. Note that 
the pattern side is depicted upward when the process of 
manufacturing the mask is being considered, but the mask is turned 
upside down with the pattern downward as shown in FIG. 1 when 
the mask is inserted into an aligner. 

The resist film 102, in which a fine pattern is formed 
by photo-development, comprises an organic material, allowing 
the film and pattern to be formed without damaging the halftone 
film 101. As a result, controllability of phase and 
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transmittance and accuracy of circuit pattern formation on the 
mask can be improved. 

As shown in FIGS. 2A and 2B, the resist film 102 is a band 
in the shape of a rectangular or round frame, which completely 
surrounds the circuit pattern formation area (transferred area) 
106 , and the parts of the resist film at the edge of the mask 
plate that might touch an aligner stage or transportation system 
are removed. Although the resist shade area 102 is preferably 
rectangular or round in form, it can also be formed in an L or 
C shape if necessary, provided parts of the resist film 102 that 
might come into contact with the aligner stage and transportation 
system are removed, because, if the resist film 102 comes into 
contact with the stage (the support table, in particular) or 
the transportation system, the contacted part of the resist f ilm 
may become detached, causing foreign matter defects. 

A process for manufacturing the halftone phase-shift mask 
shown in FIGSS. 2A and 2B will now be described with reference 
to FIG. 4A to FIG. 4F which are partial sectional views of steps 
in the manufacturing process. First, as shown in FIG. 4A, a 
halftonef ilm41 is formed on a quartz glass optically transmissive 
plate 40, a photosensitive film (resist film) 42 is formed, and 
a pattern exposure 43 is carried out for gate electrode and wiring 
patterns. To produce a halftone effect, the film thickness d 
of the halftone film is set to A / { 2 • ( n-1 ) } , where the wavelength 
of the exposure light is A , and the refractive index of the 
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halftone film 41 at the exposure wavelength is n. The 
transmittance with respect to the exposure light is set to 6%. 

Here, an SiN x O y film is used as the halftone film material. 
A ZrSiO x film, a CrF x film, a CrFO x film, an MoSi x film, or a 
double-layer film of ZrSiO x and ZrSiO y can also be used here, 
where, X and Y indicate composition ratios. 

Next, as shown in FIG. 4B, photo-development is carried 
out to pattern the resist film 42 (44), and, as shown in FIG. 
4C, the patterned resist film 44 is used as a mask to selectively 
etch the halftone film 41 to form a halftone film pattern 45. 

As shown in FIG. 4D, the resist film 44 is then removed 
to leave a halftone film 45 in which a circuit pattern 4 6 of 
desired gate electrodes and wiring is formed. After that, as 
shown in FIG. 4E, the region in which the shade area is to be 
formed is coated with negative resist and exposed (48). The 
area that might touch an aligner stage or transportation system 
is not exposed at the time of exposure of the photosensitive 
film on a semiconductor wafer as described above. When the 
exposure is carried out, the basic requirement is that a resist 
shade area 4 9 should extend far enough outward from the boundary 
of the area to be transferred to be adequately covered by the 
masking blade of an aligner. 

It is preferable that the film thickness of the resist 
film 49 may be chosen to yield transmittance with respect to 
the exposure light of 0.3% or less, together with the halftone 
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film 45 thereunder . 

In consideration of repetitive exposure of the corner parts 
of the rectangular frame-like resist shade area 102 by 
step-and-repeat in the x and y directions at the time of exposure 
of the photosensitive film on the semiconductor wafer, if the 
number of overlapping exposures of the same place is four or 
less, the film thickness of the resist shade area 102 (or 49), 
together with the halftone film 4 5 thereunder, preferably yields 
a transmittance with respect to the exposure light of 1% or less. 

After the mask has been formed in this way, a transparent 
thin-film pellicle is placed on its main surface to prevent 
particles from attaching to the pattern formation area thereof. 
An example will be described with reference to FIGS. 7A and 7B. 
FIG. 7A is a plan view of a halftone mask having a resist shade 
area similar to the one shown in FIGS. 2A and 2B, and FIG. 7B 
is a sectional view of the mask along the A-A' line when it is 
mounted on the supporting table. 

The mask shown in FIGS. 7A and 7B, which has a pattern 
for a layer on a different level from that of the pattern shown 
in FIGS. 2A and 2B, differs significantly in that its surface 
is covered with a pellicle 161 (162). Except for this point, 
the mask is the same as that shown in FIGS. 2A and 2B, so the 
common functional parts and constituent parts are assigned with 
the same reference numerals . 

in FIGS. 7A and 7B, a pellicle 162 is placed on the main 
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surface ( the first main surface ) of the mask and fixed by a pellicle 
mount frame 161 to protect the surface. The area covered by 
the pellicle 162 is referred to as the pellicle covering area. 
The pellicle 1 62 is placed in such a way that it covers and surrounds 
5 the whole of the chip field 106 and resist shade film 102 and 
partially overlaps the halftone film 101 on the pellicle covering 
area outside the integrated circuit pattern area . The base parts 
of the pellicle mount frame 161 are bonded and fixed in direct 
contact with the halftone film 101 inside the internal edges 

10 of the mask, inside the area in which an optical pattern is formed 
but external to the area covered by the pellicle. This 
arrangement can prevent the pellicle mount frame 161 from coming 
off while the mask is being transported or mounted on an aligner 
or testing equipment. In addition, if the resist film 102 were 

15 to be formed at the attachment position of the pellicle mount 
frame 161, particles of resist film might come off when the 
pellicle 161 (162) is attached or detached. In this example, 
since the pellicle mount frame 161 is bonded in direct contact 
with the halftone film 101, the generation of such particles 

20 can be prevented. This effect can also be obtained by bonding 
and fixing the pellicle mount frame 161 in direct contact with 
the mask plate 100. Furthermore, as shown in FIG. 7B, the resist 
film 102 constituting the shade area is not present or formed 
at the surface part 164 of the mask which may make contact with 

25 the mounting part (supporting part) 163 of an aligner 102 
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constituting a shade area. This prevents the generation of 
particles due to peeling or abrasion of the resist film 102. 

The structure described above produces the following 
effects . 

5 (1) Providing a mask with a pellicle makes it possible 

to prevent the deposition of particles on the mask and avoid 
the consequent deterioration of the transferred pattern. 

(2) Bonding the pellicle mount frame in direct contact 
with the shade pattern or the mask plate makes it possible to 

10 prevent peeling or abrasion of the shade pattern resist film 
when the pellicle is attached or detached. Therefore, the 
generation of particles caused by peeling and abrasion of the 
resist film can be prevented. 

As shown in FIG. 7A, a reticle alignment mark 104 is provided 

15 in the halftone film 101 outside the pellicle 161 (162), and 
a wafer alignment mark 105 is provided in the halftone film 101 
in the pattern formation area 106 within the pellicle 161 ( 162 ) ; 
therefore, as in FIGS. 2A and 2B, a plurality of masks can be 
aligned to the predetermined positions with improved accuracy. 

20 Next, a diagrammatic sketch of a reduction projection 

aligner will be shown in FIG. 8. Exposure light emitted from 
a light source 1501 in the reduction pro jection aligner is directed 
through a fly-eye lens 1502, a beam shape adjustment aperture 
1503, condenser lenses 1504 and 1505, and a mirror 1506 onto 

25 a mask 1507. A masking blade 1522 is placed on the mask, by 
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which the size of the aperture can be adjusted depending on the 
size of exposure area. The mask 1507 is mounted with its main 
surface (the first surf ace) , on which the shade (halftone) pattern 
has been formed, facing down ( facing a semiconductor wafer 1509 ) . 
5 Therefore, the exposure light is incident on the back surface 
(the second main surface) of the mask 1507. The mask pattern 
formed on the mask 1507 is projected through a projection lens 
1508 onto the plate to be exposed, i.e. , the semiconductor wafer 
1509. A pellicle 1510 is provided on the first main surface 

10 of the mask 1507 to prevent pattern transfer defects due to the 
deposition of foreign particles . The mask 1507 is held by suction 
on a mask stage 1512 controlled by a mask position control means 
1511 , and the position is measured by detecting reticle alignment 
marks on the mask 1507 with a position detection means 1513, 

15 whereby alignment of the center and the optic axis of the 

pro jection lens 1508 is performed accurately . The semiconductor 
wafer 1509 is held by suction on a specimen table 1514. The 
specimen table 1514 is mounted on a Z stage 1515 that can be 
shifted in the optic axis direction of the projection lens 1508, 

20 or in the Z axis direction, and is also mounted on an X-Y stage 
1516. The Z stage 1515 and the X-Y stage 1516 are driven by 
respective driving means 1518 and 1519 in response to control 
commands from a servo system 1517 , so they can be moved to desired 
exposure positions. The position is accurately monitored as 

25 the position of a mirror 1520 with a laser distance meter 1521. 



A wafer alignment mark 1523 that has been formed on the wafer 
is detected by a wafer mark detection system 1 5 2 4 , and the pos it ion 
information is sent to the servo system 1517 for alignment. 

As described above, the resist film forming the shade area 
is removed completely for the area on the mask that may come 
into contact with the aligners or transportationmeans , to prevent 
generation of particles when the mask is mounted on the aligner 
and transported. When this removal process was omitted , 
particles were generated, causing transfer defects. 

Next, in order to make the characteristics of the masks 
shown in FlGs. 2 and 7 more readily understandable, an example 
of a mask used in the method of manufacturing a semiconductor 
integrated circuit device according to the second aspect of the 
present invention to form fine holes in a dielectric film on 
the main surf ace of a wafer to attach electrode terminals extending 
to the semiconductor area in the wafer , or to form interconnections 
between wiring layers, will be shown in FIGS. 3 A, 3B,and 3C. 
FIG. 3A shows a plan view of a mask, and FIGS. 3B and 3C show 
sectional views along the lines A-A' and B-B' line in FIG. 3A, 
respectively . 

In a mask for forming a fine hole pattern with dimensions 
that are not expanded two-dimensionally (that is, in the x and 
y directions), the wafer alignment marks, indicated with 
reference numeral 205 in FIG. 3A, for aligning different exposure 
layers, are made of a metal such as chromium (Cr) . In the figure, 
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reference numeral 200 indicates an optically transmissive plate 
made of quartz glass, reference numeral 201 indicates a halftone 
film, reference numeral 202 indicates a metal shade film made 
of chromium (Cr) or another metal, reference numeral 203 indicates 
a hole pattern, reference numeral 204 indicates a reticle 
alignment mark, and reference numeral 2 06 indicates a hole pattern 
formation area (transfer area) made of a halftone film. The 
metal shade film 202 made of chromium (Cr) provided over the 
whole area outside the hole pattern formation area 206 prevents 
overlapping exposure during a plurality of exposure shots. As 
can be understood from the figure, the reticle alignment mark 
204 is partially formed in the metal shade film 202 made of chromium 
(Cr) provided over the whole area outside the hole pattern 
formation area 2 06 as in the case of a wafer alignment mark 2 05. 

Furthermore, in order to make it easier to understand the 
method shown in FIGS. 4A to 4F, utilizing a halftone phase-shift 
mask with a resist shade area as shown in FIGS. 2A and 2B, a 
method of manufacturing a halftone phase-shift mask utilizing 
the chromium shade area in FIGS. 3A, 3B, and 3C will briefly 
be described with reference to FIGS. 5Ato 5H are partial sectional 
views of steps in the manufacturing process. 

First, as shown in FIG. 5A, a halftone film 51, a Cr film 
52, and a resist film 53 are sequentially deposited onto quartz 
glass 50, and a desired pattern is exposed (54). 
Photo-development is performed to form a resist film pattern 
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55 as shown in FIG. 5B. Next, as shown in FIG- 5C, the Cr film 
and the halftone film are etched sequentially to form a pattern 

56 in the Cr film and halftone film. The resist film residue 
is removed as shown in FIG. 5D; then a resist film 58 is deposited 

5 again as shown in FIG. 5E. Photo-development is performed to 
form a resist film pattern 60 as shown in FIG. 5F f which is etched 
to f orma Cr film pattern 61 by removing the chromium from locations 
not masked with the resist f ilm, as shown in FIG. 5G. Finally, 
the resist film residue is removed to form a halftone phase-shift 

10 mask comprising a shade area 63 made of Cr and a halftone area 
62 as shown in FIG. 5H. 

The mask forming method shown in FIGS . 5A to 5H has problems 
in that: (1) controllability of phase and dimensional accuracy 
of patterns is reduced because the halftone film is non-unif ormly 

15 etched when the capping Cr film is removed; and (2) a halftone 
material having adequate etching selectivity with respect to 
Cr but capable of being etched with high dimensional accuracy 
when overlain by Cr must be selected, so the range of material 
selection of material selection of alternatives is limited, 

20 making accuracy difficult to attain. 

This limitation of the range of alternatives becomes a 
significant problem in a mask for an ArF excimer laser (having 
a wavelength of 193 nanometers) or an F2 excimer laser (having 
a wavelength of 157 nanometers) that emits highly energetic 

25 exposure light and makes exposure light irradiation resistance 
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a particularly important issue, so a halftone mask using the 
resist shade area shown in FIGS. 2A and 2B and FIGS. 4A to 4F 
is more desirable, especially for forming narrow fine patterns 
(improving controllability of phase by 4% to 3% compared to the 
5 mask shown in FIGS . 3A to 3C and FIGS . 5A to 5H , and also improving 
dimensional accuracy by 2%), but, as a mask for forming a fine 
hole pattern, it is preferable to use the mask shown in FIGS. 
3A to 3C and FIGS. 5A to 5H as will be described in detail in 
the second embodiment. 

10 

Second Embodiment 

A method of manufacturing a semiconductor integrated 
circuit device having a twin-well complementary MIS (CMIS) 
circuit using the present invention will now be described with 

15 reference to FIGS. 6A to 6D, which are partial sectional views 
of steps in the manufacturing process. 

FIG. 6A is a sectional view of part of a semiconductor 
wafer 3 used in the manufacture process . The semiconductor wafer 
3 comprises a thin , round plate of s ilicon or another semiconductor 

20 material. The semiconductor substrate 3s in the semiconductor 
wafer 3 comprises, for example, n-type mono-crystalline silicon 
on which an n-type semiconductor region (well) 6n and p-type 
semiconductor region (well) 6p are formed. The n-type well 6n 
contains an n-type impurity such as phosphorus (P) or arsenic 

25 (As). The p-type well 6p contains a p-type impurity such as 
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boron (B) . 

On the main surface ( the first surface ) , a field dielectric 
film 7 for isolation/ made of a silicon oxide film or the like, 
is formed by local oxidization of silicon (LOCOS) or another 
5 method. This isolation area can be of the trench type. That 
is, the isolation area can also be formed by filling a dielectric 
film into a groove that has been excavated into the thickness 
of the semiconductor substrate 3s. 

An n-type MISFET Qn and a p-type MISFET Qp are formed in 

10 respective semiconductor active regions surrounded by the field 
dielectric film 7 . The gate dielectric film 8 of the n-type 
MISFET and p-type MISFET is an oxide film formed by, for example, 
thermal oxidation of silicon. 

The narrow gate electrode 9 of each of these n-type and 

15 P-type MISFETs is formed as follows: a gate formation film made 
of low-resistance polysilicon is deposited by a chemical vapor 
deposition (CVD) method; then a photosensitive film (resist film) 
is deposited onto the whole surf ace of the film; the photosensitive 
film is exposed by using the ArFexcimer laser reduction pro jection 

20 aligner shown in FIG 8 and a halftone phase-shift mask having 
the resist shade area that was described with reference to FIGS. 
2A and 2B or FIGS. 7A and 7B with an oblique illumination system 
as shown in FIG. 1; the exposed photosensitive film is 
photo-developed to transfer a mask pattern corresponding to the 

25 gate electrodes thereonto; and a conventional etching process 
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is performed to pattern the low-resistance polysilicon film. 
The gate length is, forexample, on theorder of 0 . ljum (micrometer) , 
but is not specifically limited to the value. 

The oblique illumination system is effective not only in 
the controllability of gate pattern dimensions but also in the 
accuracy of the shapes and positions of reference alignment marks 
that are formed at the same time as the gate pattern. It has 
become clear that an alignment mark having a wider line width 
than that of the gate pattern is affected by lens aberration, 
and the accuracy of its shape and position is reduced, when a 
halftone film is used. This problem is solved by using an oblique 
illumination system; thus the alignment accuracy of a contact 
hole layer that is aligned with the gate layer, for example, 
is improved . 

A semiconductor region 10 that constitutes the source and 
drain of then-type MISFETQn in FIG. 6Ais formed in a self -aligned 
manner with the gate electrode 9 by introducing an impurity such 
as phosphorus (P) or arsenic (As) into the p-type semiconductor 
region 6p through an ion-implantation process using the gate 
electrode 9 as a mask. A semiconductor region 11 that constitutes 
the source and drain of the p-type MISFET Qp is formed in a 
self-aligned manner with the gate electrode 9 by introducing 
an impurity such as boron ( B ) into the n-type semiconductor region 
6n through an ion- implantation process using the gate electrode 
9 as a mask. Note that the gate electrode 9 is not limited to 
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a structure of a single low-resistance polysilicon film but can 
have various modified structures : it can have a so-called 
polycide structure that is formed by adding a silicide layer 
such as a layer of tungsten silicide or cobalt silicide to the 
low-resistance polysilicon film, or it can have a so-called 
poly-metal structure that is formed by adding a metal film such 
as a tungsten film, which is joined to the low-resistance 
polysilicon film through a barrier conductor film made of titanium 
nitride, tungsten nitride, or another suitable material. 

Next, after an inter-layer dielectric film 12 such as a 
silicon oxide film, for example, is deposited on the semiconductor 
substrate 3s by CVD or another method, a polysilicon film 13 
is deposited on the upper surface by CVD or another method . Then 
the polysilicon film 13 is patterned by photolithography 
technology, using the KrF excimer laser reduction projection 
aligner shown in FIG. 8 and a halftone phase-shift mask having 
a resist shade area as shown in FIGS. 2A to 2B and 7A to 7B, 
and by conventional etching technology, and an impurity is 
introduced into predetermined areas in the patterned polysilicon 
film to form wiring 13L and a resistor 13R (FIG. 6B) . 

After that, as shown in FIG. 6C, aTEOSfilml4, for example, 
comprising a silicon oxide film is deposited on the semiconductor 
substrate 3s, then a fine contact hole 15 is formed by 
photolithography technology, using the ArF excimer laser 
reduction projection aligner shown in FIG. 8 and a halftone 
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phase-shift mask having a metal shade area as shown in FIGS. 
3A to 3C, and by conventional etching technology in such a way 
that a part of the semiconductor region 10 or 11 or the wiring 
13L is exposed through the inter-layer dielectric film 12 and 
the TEOS film 14. 

The reason why this hole patterning process uses the mask 
shown in FIGS. 3A to 3C instead of the mask shown in FIGS. 2A 
and 2B or FIGS. 7A and 7B will now be described. 

In the exposure of a fine hole pattern, the exposure light 
diffracts and expands in both the x and y directions , reducing 
the effective pattern exposure strength of the projected image. 
A method of forming a pattern of holes of a predetermined size 
on a wafer by exposing the pattern with an increased amount of 
exposure light has therefore been suggested. However, when a 
wafer alignment mark with dimensions larger than the hole pattern 
and with less of a two-dimensional diffraction effect is exposed 
with this relatively large amount of exposure light, the mark 
is overexposed. For example, the typical size of a hole pattern 
is 1.0//m to 1.5//m (micrometer) on the mask but the line width 
of an alignment mark is 15//m, so if a mask with a wafer alignment 
mark surrounded by a halftone film as shown in FIGS. 2A and 2B 
is used, the amount of exposure light that passes through the 
halftone part expands too much, and interference occurs between 
the expanded light and diffracted light in the pattern part, 
altering the geometry of the transferred alignment mark. 



Therefore, the alignment accuracy between the layer including 
the hole pattern and the layer to be aligned with it is reduced, 
causing faulty alignment. 

On the other hand, in the case of the mask shown in FIGS. 
3A to 3C, since the wafer alignment mark is surrounded by a 
sufficiently shaded area made of Cr, even if the exposure light 
is excessive, the geometry of the transferred alignment mark 
becomes highly symmetric, so higher alignment accuracy can be 
obtained. 

Although this embodiment uses a halftone mask having a 
Cr shade area as shown in FIGS. 3A to 3C for exposing holes, 
a binary mask can also be used to obtain sufficient alignment 
accuracy if it employs a film made of an adequately light-proof 
material, such as Cr. The halftone mask shown in FIGS. 3A to 
3C is more preferable for holes with higher resolution , however . 

For effective performance of the fine pattern exposure 
and alignment operations in various processes, it is preferable 
if the expensive aligner can be used in common for these processes , 
without large alterations of the exposure conditions depending 
on the process. For this reason, the halftone mask shown in 
FIGS. 3A to 3C, in which a fine circuit pattern is constructed 
with a halftone film as shown in FIGS . 2A and 2B and the surrounding 
area is covered with a metal shade, is preferably used in this 
hole-formation process. The metal of the metal shade area is 
not limited to Cr; metals such as tungsten (W) , titanium (Ti), 
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and tantalum (Ta), or metal compounds such as tungsten nitride 
(WN) and titanium tungstate (TiW) can also be used. 

As described above, in the mask shown in FIGS. 3A to 3C, 
the Cr frame 2 02 includes a reticle alignment mark 204 and a 
wafer alignment mark 205, and these marks are used to transfer 
a plurality of fine hole patterns to a wafer with improved 
alignment accuracy . 

We return now to the description of the CMIS fabrication 
process. After a metal film made of tungsten or other metal 
is deposited on the semiconductor substrate 3s that has been 
obtained in FIG. 6C by CVD or another method, the metal film 
is patterned with photolithography technology, using the ArF 
excimer laser reduction projection aligner shown in FIG. 8 and 
a halftone phase-shift mask having a resist shade area as shown 
in FIGS. 2A and 2B and FIGS. 7A and 7B, and conventional etching 
technology to form a first layer wiring 16L1 as shown in FIG. 
6D. 

After this, second and subsequent layers of wiring (not 
shown in the drawing) are formed in the same way, above the first 
layer of wiring to fabricate the semiconductor integrated circuit 
device. 

CMIS devices fabricated according to this method showed 
a 4% improvement in dimensional accuracy in lithography transfer 
and caused no faulty alignment. Therefore, yields in the 
production of high-speed LSI chips increased by 5%. 
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As can be understood from this embodiment, it is preferable 
that the manufacture of semiconductor integrated circuit devices 
uses a first halftone phase-shift mask with a metal shade film, 
or the binary mask, for forming fine- dimensioned hole patterns 
5 having little two-dimensional expansions, and a second halftone 
phase-shift mask with a resist shade area as shown in FIGS. 2A 
and 2B and FIGS. 7A and 7B for forming electrode and wiring 
patterns with both narrow and wide dimensions, which are more 
expanded in the x or y direction than the hole pattern. It is 
10 also preferable to form mask alignment marks in the metal shade 
film on the first mask and in the halftone film surrounded by 
the resist shade area on the second mask, and use them to align 
the respective masks with predetermined positions on the wafer 
accurately. 

15 

Third Embodiment 

Next, as a third embodiment, a method of manufacturing 
a semiconductor memory device will be described with reference 
to FIGS. 10A to 10D and FIGS. 11A and 11B. FIGS. 10A to 10D 
20 partial sectional views of steps in the manufacturing process 
of the device, and in FIGS. 11A and 11B are plan views of part 
of the manufactured device. 

As shown in FIG. 10A, a p-type Si semiconductor region 
71 is used as the substrate (wafer), on the surface of which 
25 a device isolation area 72 is formed using conventional device 
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isolation technology. Next, a word line 73, with a structure 
formed by deposition of a poly-crystalline Si layer (gate 
electrode) with a thickness of 150 nm (nanometers) and a Si0 2 
film (gate dielectric film) with a thickness of 200 nm (nanometers) , 
for example, is formed; then a Si0 2 film with a thickness of 
150 nm (nanometers) is deposited thereon by chemical vapor 
deposition (CVD) and anisotropically processed to form a side 
spacer 74 comprising a Si0 2 film on the wall sides of the word 
line 73. Next, an n-type diffusion layer 75 (source and drain 
region) is formed. 

Next, as shown in FIG. 10B, a data line 7 6 comprising 
poly-crystalline Si or high melting point metal silicide or a 
laminated film thereof, is formed. 

Next, a storage electrode (capacitor electrode) 7 8 is 
formed, on which a film of Ta 2 O s , Si 3 N 4 , Si0 2 , BST, PZT, or a 
ferroelectric substance, or a compound film thereof , is deposited 
to form a capacitor dielectric film 79. Further, 
poly-crystalline Si, a high melting point metal, a high melting 
point metal silicide, or a low-resistance conductor such as Al 
or Cu is deposited to form a plate electrode 80 (FIG. 10C). 

Next, as shown in FIG. 10D, the memory device is fabricated 
through a conventional interconnection process including 
formation of wiring and a dielectric film 81, and a passivation 
process . 

A pattern formed through lithography according to the 
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present invention will be described below. FIG. 11A is a plan 
view of the arrangement of a typical pattern in the memory part 
of a fabricated memory device. Reference numeral 82 indicates 
a word line, reference numeral 83 indicates a data line, reference 
numeral 84 indicates an active area, reference numeral 85 indicate 
a storage electrode, and reference numeral 86 indicates an 
electrode contact hole pattern. 

FIG. 1 IB is a plan view of the arrangement of a typical 
pattern in the memory part of another fabricated memory device. 
Reference numeral 87 indicates a word line, reference numeral 
8 8 indicates a data line reference numeral 89 indicates an active 
area, reference numeral 90 indicates a storage electrode, and 
reference numeral 9 1 indicates an electrode contact hole pattern . 

The word lines 82 and 87 and the data lines 83 and 88 are 
formed by using a halftone phase-shift mask having a resist shade 
film as shown in FIGS. 2A and 2B and FIGS. 7A and 7B, which were 
also described in the first and second embodiments. In FIG. 
11 B, the storage electrode 90 is also patterned by using a halftone 
phase-shift mask. 

If the pattern density, that is the ratio of light 
transmitted areas to the mask exposed area, exceeds about 25%, 
the optimum amount of exposure light of the circuit pattern is 
around a level that does not affect the geometrical symmetry 
of the trans f erred wafer alignment marks . A half tone phase-shift 
mask with a resist shade area has higher phase controllability 
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and dimensional accuracy, as described above, thus a higher 
lithographic transfer accuracy- In addition, as shown in FIG. 
1, exposing a halftone phase-shift mask having a resist shade 
area with light obliquely incident through themask, in a so-called 
oblique illumination system, can prevent the exposure light 
strength from peaking, or sub-peaking, and improve the depth 
of focus. 

On the other hand, formation of the electrode contact hole 
patterns 86 and 91 uses a halftone phase-shift mask with a Cr 
shade area as shown in FIGS. 3A,3B, and 3C. The wafer alignment 
marks on this mask are formed in the Cr film. Exposure using 
this mask makes it possible to obtain higher alignment accuracy 
from the wafer alignment marks formed on the wafer, and achieves 
better symmetry in hole pattern formation. 

Semiconductor memory devices manufactured by using the 
present invention have shown the following specific improvements 
in their characteristics: (1) faster and more stable read 
operation, due to reduced line width variation in word lines; 
and ( 2 ) more stable data retention characteristics , due to reduced 
variation in storage electrode area. 

Although these descriptions have focused on the use of 
the present invention to manufacture a dynamic random access 
memory (DRAM) chip, the invention is not limited to this 
application; it can also be used to manufacture a semiconductor 
integrated circuit device having another type of memory circuit 
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such as a static random access memory (SRAM) or a flash memory 
(or electrically erasable read-only memory (EEPROM)), a 
semiconductor integrated circuit device having a logic circuit 
such as a microproces sor , or a mixed type s emiconductor integrated 
circuit device having both memory and logic circuits integrated 
on the same semiconductor substrate. 

Although the examples in the various embodiments have 
mainly been of halftone phase-shift patterns formed in a halftone 
film with alignment marks provided in the halftone film to obtain 
better alignment accuracy, as shown in FIGs. 2A to 2C, FIG. 6, 
and FIGs. 11A and 11B in Japanese Patent Application No. 
2000-128944 filed by the present inventor and others, a 
phase-shift pattern can also be created by forming projections 
and depressions on the surface of a transparent mask plate. When 
phase angles are adjusted by this method of forming relief in 
the plate, one method (1) is to form the shift pattern, form 
the plate relief, deposit an optically opaque element , and pattern 
the optically opaque element; another method (2) of adjusting 
the phase angles is to pattern an optically opaque element, then 
form self-aligned relief on the mask using the optically opaque 
element as a mask. The latter method, because it is self -aligned, 
presents no serious problems with alignment, so it is especially 
advantageous for complicated fine patterns. 

Although the embodiments above have mainly described a 
method of manufacturing a semiconductor integrated circuit 
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device by transferring various fine patterns onto a semiconductor 
wafer, the present invention is not limited to this application; 
it can also be applied to the manufacture of other electronic 
devices having extremely fine patterns, such as superconductive 
devices, and to the manufacture of micro machines. 

In the invention, fine patterns can be formed with high 
dimensional accuracy and high alignment accuracy. Therefore, 
an electronic device of such as a semiconductor integrated circuit 
device having high operation speed or high integration density 
is manufactured with high reproducibility. 



